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An ideal electron-transport material 
(ETM) has:
• Good alignment with perovskite 
valence and conduction band with a 
deep valence band to block holes,
• Compatibility with manufacturing 
process, e.g., spin-casting, and 
• High mobility and thermal stability.
Evidence of Triketone Formation:
• The triketone was insoluble in standard NMR solvents and decomposed under 
MALDI conditions.
• Thermogravimetric analysis (TGA) was used to monitor the reaction. The 
increased decomposition temperature suggests that the reaction is complete.
Conclusions and Future Work
Electron-Transport Material Design Principles
Background: Why Perovskite Solar Cells?
• A diverse portfolio of renewable energy 
resources must be developed in order to meet 
growing demand.
• Within 10 years of research, efficiencies of 
perovskite solar cells (PSCs) rival that of 
commercially available solar devices.
• PSCs utilize a light absorbing layer with an 
ABX3 crystal structure where 
A=methylammonium, B=lead or tin, and 
X=halide.
• Intensive research to improve device 
performance is underway, including work to 
increase stability and reduce 
traps/recombination at interfaces.
Alternative ETM: Heterotriangulene
• Three ETM molecules were synthesized using the heterotriangulene core.
• Synthesis will be scaled up and thermal/optoelectronic properties will be 
characterized to screen for device viability.
• Promising ETM candidates will be tested on devices at NREL.
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Incorporating Substituents via Heck and 
Suzuki Coupling
Why is this a promising ETM?
• 2-D mobility via conjugated π-system
• Relatively inexpensive to synthesize and purify
• Tunable electronic properties via functionalization
Heterotriangulene Synthesis
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Fullerene Derivatives- State of the Art 
Organic ETM: 
• High 3-D mobility 
• Easy to make, difficult to purify
• Expensive: PCBM costs $1,182/g at 
Sigma Aldrich










iodine (violet), and 
lead (light gray) 
atoms. 
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Project Goals:
• Synthesize 1-2 
heterotriangulene-core 
materials
• Characterize thermal 




Increasing Yield of Triacid:
• Monitored reaction via 1H-NMR in d6-DMSO to tailor reaction conditions for 
increased yield.
• To better optimize literature procedure, reaction was conducted under reflux.




Heck Coupling Conditions: 
Pd(tBu3P)2, NCy2Me, and n-hexyl acrylate 
in DMF.  Heated to 95°C for 24 hrs.
• MALDI (Matrix-Assisted Laser 
Desorption Ionization) was used to 
determine formation of product and to 
prioritize future scale-up.
Triketone TGA:Tricarboxylic Acid TGA:
Example:
HOMO 1&2 LUMO 1&2
















Reaction at 50 °C 
Molecular Weight: 791.98 Molecular Weight: 791.98
Molecular Weight: 780.07 Molecular Weight: 1173.42
Molecular Weight: 785.93
